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Današnji moderni način življenja bi lahko opisali kot zelo dinamičen, pri čemer
nam vedno primanjkuje časa za naše hobije. Nekateri si želijo več časa za šport,
drugi čas za prijatelje, tretji pa delajo na osebnih ciljih, kot je na primer učenje
novega jezika. Dandanes imamo številne metode za učenje jezikov, bodisi tradi-
cionalne (npr. tečaji, knjige in filmi), bodisi bolj moderne (npr. online tečaji in
mobilne aplikacije). Učinkovitost naštetih metod je odvisna od njihovega upo-
rabnika. Pri uspehu vsakega posameznika ima veliko vlogo vloženi čas za učenje.
Ampak kaj storiti, ko si posamezniki ne morejo vzeti veliko časa za učenje? To
diplomsko delo predstavlja rešitev tega problema s pristopom mikro učenja (ang.
microlearning). Pri mikro učenju je snov razdeljena na majhne enote, katere se
večkrat ponovi v kratkem časovnem obdobju. Glavna prednost takega pristopa
k učenju je, da se uporabnik uči brez prevelikega napora, pri čemer pa je učenje
še vedno učinkovito na dolgi rok.
Prednosti takega pristopa so torej očitne: posamezniki naj ne bi porabili
veliko časa za učenje, snov pa naj bi si lažje zapomnil zaradi jemanja v manǰsih
enotah. Kljub temu ima tak pristop tudi svoje pomanjkljivosti. Način učenja
je velikokrat odvisen od same snovi oziroma področja. Obstaja veliko primerov,
ko snov ni mogoče razbiti na majhne enote; na primer ko razdeljena snov ne bi
bila zaključena in imela smisla. Prav tako metoda ne podpira poglobljeno učenje,
npr. lahko se naučimo osnovnega sporazumevanja v tujem jeziku ali bogatimo
besedǐsče, vendar pa se ne moremo naučiti tuje književnosti [2].
Uporaba pametnih telefonov za učenje ni nova, saj obstajajo številne aplika-
cije za učenje jezikov, e-knjige, avdio in video posnetek ipd. Glavna prednost
pametnih telefonov je njihova mobilnost. Mobilni telefoni nas spremljajo ves
dan, vsak dan. Poleg tega so pametne naprave nadomestile veliko drugih pred-
v
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metov kot npr. koledarje, ure, foto albume, kamere, radio ter pogosto tudi osebne
računalnike. Danes sploh ni nenavadno da mobilne telefone uporabljamo za br-
skanje interneta, pošiljanje mailov, pisanje poročil itd. Zakaj jih potem ne bi
uporabljali za učenje jezika?
Raziskava, ki jo je opravil Winnick s sodelavci [1], je pokazala, da ima pov-
prečen uporabnik 2617 interakcij s telefonom na dan, pri čemer imajo pogosteǰsi
uporabniki celo do 5427 interakcij na dan. Raziskava je tudi pokazala, da je 47%
teh interakcij pri odklepanju zaslona. Ta podatek nam je dal misliti, če bi lahko to
veliko in pogosto število interakcij pri odklepanju zaslona kako dodatno izkoristili
uporabniku v prid. Glavna ideja diplomskega dela je bila združiti tehniko mikro
učenja tujega jezika z odklepanjem zaslona na pametnih telefonih. Za ta namen
smo raziskali tehnike mikro učenja, ki se uporabljajo v mobilnih aplikacijah, in
metode odklepanja mobilnih naprav, ki jih uporabniki najpogosteje uporabljajo.
Na podlagi tega smo razvili prototipe za odklepanje zaslona, ki združujejo različne
tehnike mikro učenja tujega jezika in načine odklepanja zaslona. Tehnike učenja
so bile definirane na sledeči način:
• Zaznava besede (ang. check word) - uporabnikova naloga je, da zazna in-
formacijo prikazano na zaslonu in nadaljuje z odklepanjem telefona.
• Vprašanje z več izbirami (ang. multiple choice) - uporabnikova naloga je,
da zazna informacijo prikazano na zaslonu, ter pri tem odgovori na kratko
vprašanje, kjer izbere pravilni odgovor izmed ponujenih. Uporabnik nato
dobi povratno informacijo ali je izbral pravilno.
• Grajenje stavkov (ang. sentence building) - uporabnikova naloga je, da iz
ponujenih besed zgradi stavek v tujem jeziku. Ključno je, da je sestavljeni
stavek pomensko smiseln. Uporabnik nato dobi povratno informacijo ali je
stavek sestavljen pravilno ali ne.
Navedene tehnike mikro učenja so bile kombinirane z različnimi interakcijami
pri odklepanju zaslona, ki ustrezajo različnim načinom odklepanja mobilnih na-
prav:
• Večkratni pritisk (ang. multiple tap) - pritisk na več mest na zaslonu, kar
ustreza odklepanju telefona z vnosom gesla (PIN koda).
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• Enojen pritisk (ang. single tap) - pritisk na eno mesto na zaslonu, kar
ustreza odklepanju telefona na podlagi prstnega odtisa.
• Podrsaj (ang. single swipe) - podrsanje po zaklenjenem zaslonu odklene
napravo.
• Vnos vzorca (ang. connected swipe) - povezava v pravilnem vrstnem redu
več pik na zaslonu odklene telefon.
Za testiranje prototipov je bila izvedena uporabnǐska študija. V sklopu študije
so udeleženci testirali vsakega od prototipov in pri vsakem odgovorili na tri
ključna vprašanja, in sicer:
• Ali je prototip enostaven za uporabo?
• Ali je bila interakcija prijetna oziroma zabavna?
• Ali bi tak način učenja jezika uporabiljali na svojem telefonu?
Poleg navedenih vprašanj so bili udeleženci spodbujani, da razmǐsljajo naglas
in komentirajo prototipe, tako da so podatki uporabnǐske študije kvalitativne na-
rave. Da bi raziskali ali obstajajo dodatne povezave med uporabniki in različnimi
prototipi, so udeleženci podali še dodatne informacije, in sicer: spol, starost,
največje doseženo izobraževanje, trenutni poklic, kateri operacijski sistem upora-
bljajo na svoji mobilni napravi, način odklepanja mobilne naprave, ki ga trenutno
uporabljajo, in ali se trenutno učijo kakšen tuji jezik.
Cilj uporabnǐske študije je bil, ugotoviti uporabnost predstavljenega pristopa
k učenju tujega jezika. Pri tem sta se nalogi zaznava besed in vprašanje z več iz-
birami izkazali, da se lahko kombinirata s skoraj vsemi interakcijami odklepanja.
Redko sta povzročali zmedo in kar je najpomembneje, nista povzročali frustri-
rajočega učinka, vendar sta se uporabnikom zdeli zanimivi. Pri nalogi vprašanja
z več izbirami so se udeleženci počutili, kot da igrajo igro. Študija je pokazala, da
vsaka naloga s preveč koraki, brez vizualnih elementov in preveč možnosti lahko
povzroči negativen učinek. Majhnemu odstotku udeležencev so bile take vrste
nalog celo všeč, saj so bili prepričani, da na ta način odnesejo največ. Prav tako
jim je bilo všeč, da jim je naloga predstavljala izziv. Uporaba grafičnih elemen-
tov se je izkazala za pomembno, saj naj bi bila včasih ključna pri razumevanju
tuje besede. Nalogi zaznava besede in vprašanje z več izbirami sta bili tudi opi-
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sani kot hitri in enostavni. Nasprotno pa velja za nalogo grajenja stavkov, saj je
naloga delovala preveč zapleteno in zahtevala dodatno koncentracijo ter čas. Ne-
kateri od uporabnikov so bili mnenja, da bi bila sicer naloga zanimiva, če bi bila
uporabljena znotraj posebne aplikacije za učenje jezika, ne pa na pri odklepanju
zaslona.
Med študijo so bile ugotovljene razlike v celotnem pristopu med udeleženci, ki
so se pred kratkim ali se trenutno učijo novega jezika, in tistimi, ki se ga ne. Ti dve
skupini sta se večinoma razlikovali po motivaciji za reševanje nalog. Udeleženci,
ki so se skušali naučiti novega jezika, so se dodatno potrudili in jih dodaten čas
porabljen za rešitev naloge ni motil. Udeleženci, ki se niso učili novega jezika,
so bili bolj osredotočeni na čas odklepanja in manj potrpežljivi kot udeleženci iz
prve skupine.
Udeleženci, ki so se učili novega jezika, so dali tudi predloge o možnih iz-
bolǰsavah, ki bi vplivale na hitrost odklepanja. Primer takega predloga je bil
povečanje časa prehoda med zaklenjenim zaslonom in začetnim zaslonom. To bi
povzročilo počasneǰse odklepanje naprave, vendar bi na ta način imeli več časa,
da si uporabnik zapomni informacijo. Druga skupina udeležencev, je pogosto
predlagala izbolǰsave, ki bi vplivale na pozicioniranje elementov na zaslonu, da bi
uporabnik hitro zaznal informacijo in čim hitreje odklenil napravo. To nakazuje,
da je učinkovitost učenja odvisna tudi od motivacije uporabnika. Na splošno je
izvajanje učnih dejavnosti na zaklenjenem zaslonu pokazalo velik potencial za
prihodnjo uporabo. Vendar zaradi določenih omejitev sklepamo, da niso vse vr-
ste učnih nalog primerne za izvajanje pri odklepanju zaslona. Kratke naloge, ki
ne obremenjujejo uporabnika, so se izkazale, da dobro služijo svojemu namenu.
Poleg številnih prednosti, ima ta koncept tudi nekaj omejitev. Hitrost odklepa-
nja oziroma čas porabljen za odklepanje mobilne naprave ima pomembno vlogo
pri uporabnosti tega koncepta. Pri načrtovanju nalog za odklepanje zaslona mo-
ramo biti zelo pazljivi, saj naj naloge ne bi preveč obremenjevale uporabnika,
čigar primarna aktivnost je odklepanje mobilne naprave, sekundarna pa učenje
tujega jezika. Prav tako določene metode avtentikacije (PIN koda in odklepanje z
vnosom vzorca) zasedejo veliko prostora na zaslonu, kar nam ne dovoli pozicioni-
ranje dodatnih elementov za namen učenja. Zaslon nagneten z veliko elementi pa
povzroči slabo uporabnǐsko. Načrtovanje nalog, ki bi se dobro ujemale z odkle-
panjem s prstnim odtisom, se je izkazalo zahtevno. Problem je v tem, da senzor
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za zaznavanje prstnih odtisov ni pozicioniran na enakem mestu na vseh mobilnih
napravah. Od položaja senzorja je prav tako odvisno, s katerim prstom bomo
napravo odklenili. To pomeni, da bodo interakcije izvedene z različnimi prsti,
čemur bi se morala aplikacija prilagoditi.
Na podlagi rezultatov raziskave smo prǐsli do nekaj predlogov, kako bi lahko
izbolǰsale pristop mikro učenja tujega jezika pri odklepanju zaslona. Za začetek
bi lahko dodali gumb, ki bi preskočil reševanje nalogein takoj odklenili napravo.
Čeprav bi tak dodatek upočasnil proces učenja, bi lahko preprečil frustracije, ka-
dar se uporabnikom mudi pri odklepanju svoje naprave. Druga možna izbolǰsava
bi bila prikaz prevoda tuje besede na zahtevo. Tako bi uporabniki lahko testirali
svoje znanje oziroma ga utrdili, če je informacija znana. Z novimi tehnologijami
lahko uporabnikom sporočimo napake pri reševanju preko aktuatorjev v telefonu
(ang. tangibles) kot so npr. vibracije. S tem bi dosegli manǰso obremenitev
zaslona ter lažje bi dosegli osredotočenost uporabnika na nalogo.
Ključne besede: pametni telefoni, učenje, mikro učenje, interakcija, jeziki, me-
tode avtentikacije, odklepanje zaslonov
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Abstract
While we try to juggle our responsibilities and find a gap in our schedule to
dedicate it to learning, we often find ourselves in a situation where we are sim-
ply unable to do so. With technology moving forward, traditional classrooms
are often replaced by virtual ones and classical language learning courses - by
applications. All with the intention to make it more convenient and less time
consuming for people who use these tools in order to achieve their goals. It is no
wonder that language learning applications are a popular choice, since they pro-
vide mobility and learning content at a low, or no cost. Taking a deeper insight
into this topic, a question arises on further optimisation of the learning process
via mobile applications. Here, we found potential for implementation of learning
activities on the lock screen, where users spend a fair amount of time, when using
their smartphones. By performing a study and testing learning tasks, we show
that pairing a learning task with the user’s authentication method of choice, can
be a potential popular way of learning and replacing traditional applications.
Not only, the users didn’t mind solving a small task while unlocking, they also
found it enjoyable and very much game-like. This paper also discusses the certain
limitations that this concept has, but most importantly - it offers motivation on
future work and suggestions for improvement.
Key words: smartphones, learning, microlearning, interaction, languages, au-
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4.1 Combinations of the learning tasks and authentication method,





Today’s lifestyle can be easily described as fast and dynamic, therefore we try
to use our time in a more efficient way. Finding time for new activities like
learning a new language, can be challenging and this is where technology offers
a solution. For a start, it is impossible to imagine our everyday routines without
smartphones. They offer a variety of use cases since they can act as alarm clocks,
media players, books, newspapers etc. Of course, there is a number of options
such as school courses, books, videos and so on... but the question here raised
is: how can we optimise this process and make it seem effortless? Smartphones
are a good option to begin with as there is a good variety of applications that
support language learning. Flash cards, sentence building, verb conjugations and
prepositions are just an example of how learning can be implemented. But going
back to the question asked above, is what brings us to the idea of implementing
language learning into the lock screen.
Smartphones are good candidates for learning activities, as they are the piece
of technology we spent a lot of time with. According to Winnick we interact with
our phones around 2617 times a day on average, meaning heavy users do it around
5427 times a day [1]. Winnick’s study also finds that 47% of those interactions
are done on locked screens. From here it is already very clear that the lock screen
offers a lot of potential for other activities such as language learning [1]. The
idea is to implement language learning techniques on the lock screen where the
unlocking and completing a task is paired in one gesture. Clearly, learning is a
hard process and it can not be done without investing effort. However, by pairing
1
2 Introduction
some activities mitigating learning circumstances can be achieved. When trying
to perceive and learn new information in such a short period of time, it is very
important how the information is presented to the user. Therefore, in this study
we build up on the concept of micro-learning, trying to implement it in the form of
language learning activity on the lock screen. For this purpose, common learning
techniques were paired with authentication methods (PIN, Pattern, Swipe &
Unlock, Fingerprint). This way, short interactions with the lock screen would
lead the users to observe and interact with the presented information, for the
purpose of learning.
1.2 Overview
Besides the introduction chapter, this paper approaches related work that serves
as basis for this project. The chapter on related work tackles the topics of micro-
learning, vocabulary-learning, authentication methods for smartphones and po-
tential activities on the lock screen. The third chapter offers insight in the general
idea of the concept and profound definitions of the authentication methods. The
fourth chapter offers description of the prototypes used to test this concept, where
the fifth chapter deals with information on the procedure of the user study. The
results of the user study are discussed in chapter six, where a detailed discussion
is presented per learning task. Furthermore, the last subsection in this chapter,
offers information on the limitations that were met. The last chapter is on con-
clusion and suggestions of the obtained results, as well as suggestions on possible
improvements on future work.
2 Related Work
In this chapter, related work that served as basis and motivation for this thesis
is discussed. Essential for this project, was the concept of micro-learning, the
concept of vocabulary learning, authentication methods for smartphone unlocking
and performing activities on the lock screen.
2.1 Micro-learning
Leaving much free space for different interpretations, the term micro-learning
describes learning during a short period of time by showing small fragments of
information [2]. Hug offers various definitions of micro learning, arguing that it
can not be summarized into one definition, but rather defined with respect to
each of multiple dimensions he chose: time, content, curriculum, form, process,
mediality, learning type [3]:
• Time: relatively shot effort, operating expense, subjective time, etc.
• Content: small or very small units, narrow topics, rather simplex issues,
etc.
• Curriculum: part of curricular setting, parts of modules, elements of infor-
mal learning, etc.
• Form: fragments, facets, episodes, etc.
• Process: separate, concomitant or actual, situated or integrated activities,
awareness etc.
• Mediality: face-to-face, mono-media vs multi-media, symbolic value, cul-
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tural capital, information objects or learning objects, etc.
• Learning type: repetitive, activist, reflective, pragmatist, conceptionalist,
connectivist, behaviourist, learning by example, etc.
As far as content goes, information can be presented into many forms such as
text, images, videos, audio, test and quizzes or games [2]. A very simple example
of micro-learning is the flashcard game: the learner is presented small cards with
limited content (such as a word in a foreign language) repetitively in random
order, in order to memorize them.
This learning model seems to be very beneficial for today’s modern humans
who lead dynamic lives and don’t have much time to dedicate to learning. Micro-
learning can effectively be applied using smartphones because they can be used as
a learning tool whenever we are traveling to work, waiting for an appointment and
whenever else we want to learn. The mobility which smartphones offer, is a serious
advantage in comparison with other, more traditional methods [4]. Moreover, it
is estimated that more than 3 billion people are already using smartphones and
this number only keeps increasing each year [5], [6]. This means that almost half
of the world’s population uses smartphones, thus have access to a platform for
learning a foreign language. Learners also find micro-learning to be more engaging
compared to other methods, since the experience doesn’t strike as ”serious study
session” but rather like checking your favourite app on your smartphone or playing
a game [2]. This method also gives users more freedom to create their own pace of
learning, since it doesn’t overwhelm them with heavy content, but they have the
option to plan how much information they want to take in, according to their free
time. Last but not least - on the benefits of micro-learning, affordability is a huge
advantage here. It does not require any special tools, materials or instructors, it
can simply be applied on most electronic devices we already own [2].
According to Hug, micro-learning supports a broad spectre of learning types
such as repetitive, activist, reflective, connectivist, learning by example, action
learning etc, there is no doubt that smartphone technology can do nothing but
support the learning by adding visual and audible elements [3]. In fact, it is not
uncommon to employ gamification strategies that make the learning process fun,
or take advantage of techniques such as spaced repetition which tends to enhance
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the knowledge retention [7].
However, the concept of micro learning has certain disadvantages. When
it comes to learning complex material it can be hard to break such big units
of information into smaller pieces. Sometimes such content is not meant to be
broken down in such small ”bite size pieces” , but rather learned as a whole
[2]. Relating to the previous reason, it also doesn’t support ”in-depth training”,
a good example is given in Andriotis’ article by saying that micro-learning can
support learning conversational German , but not German literature [2]. Hug’s
book gives a very good outlook how corresponding levels of learning can refer
to different areas too [8]. When tackling the topic of language learning, micro-
learning would be suitable for learning vocables, phrases and sentences, while
complex semantics or socio-cultural specifics would require learning on a macro
level [8].
2.2 Vocabulary Learning
It is widely agreed upon that, when learning a new language an essential part
is the vocabulary [9]–[12]. The process of vocabulary learning is complex and
gradual, mostly because of the vast amount of words needed to be learnt for
sufficient oral communication and even more for written discourse [9], [12].
Vocabulary is mostly taught incidentally, i.e. the main focus is not on ex-
plicit vocabulary learning. New words are learned from context and through
usage [9]. However, as argued by Laufer [13] such incidental learning has many
disadvantages:
• Attention is not paid to the precise meanings of individual words.
• Guessing the meaning of a word from context is unreliable.
• Words which are easily understood (guessed) from context may not generate
enough engagement to be learned and remembered.
• New words need to be repeated multiple times to avoid being forgotten. In
order for a word to be encounter the same unknown word enough times in
reading, learners would need to read a lot more than they typical do.
6 Related Work
Therefore, explicitly focusing on vocabulary learning is more effective and leads to
quicker results [9], consequently to faster and more efficient learning of a language
as a whole.
There are multiple ways of learning the vocabulary explicitly. With a mobile
platform for vocabulary learning it is possible to address different aspects of
learning a word, i.e. from simply understanding its meaning to learning the
pronunciation and spelling of the word as well as its different use cases in sentences
[9]. Nowadays, game-based applications for vocabulary learning are extremely
popular and produce good learning results [14]. They are typically used on mobile
platforms. Besides those, electronic bilingualized dictionaries are also used used
on mobile platforms to expedite the explicit vocabulary learning [15].
2.3 Authentication methods for smartphones
Taking a photo, checking emails, texting with friends and watching Netflix are just
a few examples of the activities that can be executed by our smartphones. From
time to time, they replace the computer, TV, paper maps and so on. These small
devices store big amounts of our personal data, which is of a great value for us.
In these modern times, where address books barely exist and our vacation photos
are neatly stored in our digital gallery, our personal data conveniently stored on
one small device becomes vulnerable. Our personal identification method is the
only wall that stands between our data and possible privacy invaders.
Authentication is a process where its is determined if a person or a device
should be allowed to access a system or application and the data contained within
[16]. Sari et al. offers a broad classification of authentication methods [16]:
1. Knowledge-based authentication; based on information the user has to
know. Example: PIN and Password.
2. Token-based authentication; based on ownership of a token/key for as per-
sonal identifier. Example: Credit Card.
3. Biometric authentication; based on a physical feature of the user, used as
identifier. Example: Fingerprint, Face Unlock.
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4. User doing-based; based on a physical act. Example: Keystroke Pattern,
Voice Unlock.
However, when comparing the non-biometric authentication methods to one
another, it’s clear that there is a need of a compromise between the time spent
unlocking and the level of security they provide. This comparison excludes Fin-
gerprint Unlock, since this method is both fast and secure. Further along Sari et
al. explore the reasoning behind the use of different authentication methods [16].
Around 41% of the respondents that took part in the study, use an authenti-
cation method to lock their devices, mostly with the motivation to protect their
data but also to control the use on their devices accessed by other parties. When
looking at the reasoning behind each individual method, users were divided on
two aspects: security and convenience. PIN and Password were found to be used
because users felt like they provide more security, whereas pattern and face un-
lock were used because of convenience [16]. Depending on how often and under
which circumstances we use our devices, our tolerance for the time spent unlock-
ing can vary. For example, heavy users that use their phones to perform a variety
of tasks, like checking emails, texting, taking photos; want a fast interaction but
also secure, since they store a lot of data. For users who use their smartphones
only for simple tasks like calls, this is not of a big importance. According to
Sari et al. some users tend to think that using an authentication method for
unlocking is ”too much of a hustle” and ”no one would care about what’s on my
smartphone” [16].
On this matter, Harbach et al. provides information on how much time we
spend to unlock our smartphones on daily basis, by comparing three popular
unlocking methods: Swipe, PIN, Pattern [17]. The study shows that people
who use PIN to unlock interact with their phones longer, but less frequently,
where slide-to-unlock users interact with their phones for shorter periods and need
significantly less time to unlock. Pattern users have similar usage time as users
who don’t use any authentication method, however interestingly enough they
spend the same amount of time to unlock as PIN users, since they commit almost
six time as many errors [17]. Anyhow, further data shows that heavy smartphone
users choose a quicker unlocking method, because they use their smartphones for
shorter periods and with high frequency [17]. This study also finds that wearing
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a watch impacts the smartphone use, which could mean that users often check
their smartphones only to see what time is it and do most of their interactions
only on the lock screen, like checking notifications etc. Harbach et al. also looks
up into preparation time as time spent on the phone before unlocking the device,
finding that depending on how ”cluttered” the screen is with information, the
user can spend more time on understanding the information shown [17]. This
doesn’t apply to slide-to-unlock method as much, since there is no recall process
involved [17].
This preparation time is a great touch point between good old smartphone
unlocking method and possible additions to it. It gives a great freedom to explore
possibilities that can help us use our time more efficiently and perform multiple
tasks ”with one swipe” by combining them.
2.4 Performing activities on the lock screen
On the topic of using the lock screen for other activities besides authenticating,
we mostly worry about the time the users are willing to spend to complete a task.
This can depend on multiple factors, but it is mostly subjective. Some users have
more tolerance for such activities and the presentation of the content we want to
show plays a big role.
Truong et al. performed an experiment where they introduced a replacement
for the regular unlock screen, with one, that asks the user to perform a micro task
[18]. They believe that there are many benefits to this concept, since the physical
activity we perform to unlock can also have other aims, by redirecting it for
greater effect. By performing a study, they find that people are willing to perform
micro tasks presented through the interface of the lock screen. Furthermore, they
also find room for integration of this concept into different circumstances and




As seen from the title, the idea here is to implement vocabulary learning tech-
niques in the lock screen. Bearing in mind the thought of multitasking and using
time efficiently we try to pair the learning techniques with different interactions
we perform in order to unlock the smartphone. With this being said, the target
group for our users, would be very broad and not clearly defined. Basically, ev-
eryone who wants to improve or gain skills in a new language and at the same
time they are in a position where they can’t dedicate a significant amount of time
to fulfill their goal. Therefore, they would like something that can be used on the
go, that it isn’t too complex and doesn’t require too much time, could use this.
Though it must be noted that this method might not be ideal to be used to gain
ground knowledge. Since we relied on the concept of micro-learning as a learning
technique, the previous statement is also supported by the definition of micro-
learning, implying that this method is not efficient for gaining basic knowledge
of a topic, but rather used to build onto the existing one or help to retain it [2].
For this cause, we defined three types of tasks for the user that differed in
the difficulty level, some demanding more effort than other in order to be solved.
To pair the tasks, we defined four types of interactions we usually make with
our fingers to unlock our devices. These interactions would represent gestures
used on different authentication methods (PIN, Pattern, Fingerprint etc.). Here
we try minimize the burden of completing additional tasks when we just want
to unlock our devices, by adding smaller additional elements to the screen, like
extra buttons or icons. There is no doubt that any additions of this nature would
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slow down the process of unlocking, however, the goal is not to increase the
unlocking time significantly and still make some progress with the language the
users are learning. Although, expecting the studying not to make any impact on
the unlocking time seems like not achievable, its what we strive to.
To test this idea, interactive prototypes were designed and a user study was
performed to test the usability of it. The study lasted three weeks and was per-
formed on high fidelity prototypes, mimicking lock screens that the participants
would use in their everyday lives. The data of the results was from a qualita-
tive nature where participants provided their thoughts on the usability, possible
improvements, amusement and speed.
3.2 Definition of the authentication methods
3.2.1 Authentication methods
For the purpose of prototype construction, we dug deeper in the topic of some
common authentication methods: Swipe & Unlock, PIN, Pattern, Fingerprint.
Essentially, a clear definition of these methods was needed.
1. According to Kellen: Swipe & Unlock requires the user to touch a
point on the display with one finger and drag in a desirable direction in order to
unlock [19]. On the security matter this method does a poor job protecting the
user. There are clear instructions on how to unlock the device on the display.
This information, although intended for the user can also be accessed by other,
unwanted parties. However, this method has one strong side, as the user doesn’t
need to remember any information in order to unlock their device, which is not
the case with other authentication methods like PIN or Pattern.
2. PIN - the device requires a set of personal identification numbers in a
correct order to be entered, in order to unlock. It is quicker to enter than a
Pattern or a Password which makes it more convenient. Another strong side of
this method is the security aspect. Users usually choose a four digit PIN, but
security could certainly be improved with the use of PINs that that consist more
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digits. Thus, this can also be a weak side, since a strong PIN can be hard to
remember.
3. Gordon describes the Pattern method as a grid of dots on a device’s lock
screen which users connect in a unique way, to gain access to the phone [20].
Security is here definitively low. Most pattern grids show animation when the
user connects the dots, so they have a graphical representation on how they have
connected them, which makes this method really vulnerable for shoulder surfers
[21]. The option to hide these animations is also available, which would improve
security, but still, it would be easy to guess the whole pattern if one knows a
part of it. It is also a well known case, that users choose predictable Patterns.
Besides the before mentioned risks, the biggest enemy here would be our skin
prints. Aviv et al. finds that when entering a Pattern, out skin leaves residue
or so called visible smudges on the display. This means we leave a trace of our
freshly entered Pattern and with it, which makes it easy for an intruder to guess
our Pattern with the given clue. This method’s strongest side would be that its
simple and intuitive to use.
4. Last but not least, Fingerprint Unlock. This is the most futuristic
method out of them all. It is fast, convenient and very secure. Fingerprint scan-
ners generate an image of the ridges and valleys that make up a fingerprint [22].
The data mentioned is then used to prove the user’s identity to unlock. As men-
tioned above, this method is very secure, although security may variate depending
on the used scanner (optical/capacitive). Maybe the only weak side of this model
is that sensors aren’t always conveniently positioned for every individual hand.
It’s important to note that some authentication methods were excluded from
this study. For example, we find Face Unlock not implementable with other
screen elements. The only mediator we use to present information is the display,
which we find to be unfitting with this authentication method that uses up the
whole screen in order to perform the unlocking.
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4 Prototypes
A detailed explanation of the designed prototypes is offered in this chapter. Since
every prototype is composed from a learning task and an authentication method,
both parts are discussed separately.
4.1 Types of tasks
To help the learning process we assigned three types of tasks for the user. The
below mentioned tasks are common examples, used in language learning appli-
cations such as Duolingo [23] and Babbel [24]. Each of them requires a certain
level of engagement. Ideally, the more time we spend learning will result with
more progress, but when pairing this activity with others, this can become a big
burden on the user’s cognitive load.
Bearing in mind the above said, the tasks took relatively short time to com-
plete when compared to other, more traditional methods of language learning.
Nevertheless, when comparing them to each other, a big difference can be seen
in the time needed to complete.
1. Check Word : This method can barely be called a task since the user only
has to take a look at the information presented. In this case, a text box that
consists a word in a foreign language and its translation in the language of the
learner, is displayed on the lock screen. Two additional buttons were provided:
one, consisting the icon of a heart and another one with a refresh symbol. By
clicking the heart button the word would be saved on a list of favourites, that the
user can check out later. By clicking the refresh button, the word saves on a list
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of words that will repeat in further attempts to unlock. The functionality of this
button is to help users when they have difficulties learning a particular word.
The user can then read the information and try to remember it, click on one
of the buttons and unlock the screen with whichever method they use. Onto the
strong sides: this method is ideal for people who don’t want to be ”pressured”
to perform a task other than the unlocking itself. It requires very little time to
perceive the information which is similar as looking at a notification. The benefits
of this method are that it’s very unlike traditional methods of learning, no class-
room, no application for learning. These conditions can create a relaxing learning
environment, which would result with more effective learning with some users.
The downsides of this method are tightly connected with the strong sides, as this
method can work for some users, but for other users who like having more control
and more engaging tasks may be perceived as ”too easy” and therefore ignored.
As far as learning goes, the learner won’t spend too much time remembering
this information. Learning would go slow, since the learning model is based on
repetition on longer periods.
2. Multiple Choice answer: Here the task of the user is to choose a correct
translation from the offered ones, for the displayed foreign term or choose which
word is the correct choice to fill out a blank space in a pre assembled sentence in
a foreign language. This is paired with an unlocking method of the user’s choice.
To avoid any frustration on the user’s side, even choosing the wrong answer
would unlock the device. In that case, the correct answer would be pointed out
and the wrong one too. This method has a lot of strong sides. One reason is
that it keeps the user engaged, its more likely that the learner will remember
some information when they are questioned which forces them to think about the
correct answer. Since there is only one small question and answer options given
its not too stress full for the user. It can even look like a little game - which would
make the learning process more enjoyable. This method is flexibly pair-able with
authentication methods, there is not much going on on the screen and would
only require an additional click - gesture wise. Anyhow, when pairing it with an
authentication method which interface takes up a lot of space on the display like
PIN and Pattern, the display may look cluttered. This would only add up time
on the overall unlocking, since the user would be confused and would need some
time to read all the information on the display - and provide an answer.
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3. Sentence building : Compared to the other two, this method would take
the most time to complete. Step by step the user is supposed to build a sentence
in a foreign language and receive validation afterwards, on whether the sentence
makes sense. Compared to regular language learning apps, this would seem as
fairly regular task to do in order to learn. But when it comes to a task like this
running on the lock screen, it can become frustrating for the user to use, because
it requires a higher level of concentration, time and more dedication into solving
it. While working on this task, the learner will process much information like
reading all the suggestion words and assembling them into a sentence. This may
have a positive impact on the learning, because it gives the user a chance to train
harder. Although, technically speaking this method is slow to be used in such
situations as unlocking a device, it is arguable that it depends on the conditions
in which is being used. For example, imposing a task to the user when they are in
a hurry can result in frustration, but used in more relaxed situations this learning
method can be successfully used with no frustrations.
4.2 Types of finger gestures
For this study, we broke off the authentication methods (PIN, Pattern, Finger-
print, Swipe) into finger gestures. As for us, it wasn’t important what the user
inputs (numbers, letters etc.), but how it inputs it. Knowing the flow of the
interaction makes it much easier to design a complementary learning task. There
were four types of finger gestures defined for this study: Single Tap, Multiple Tap,
Single Swipe and Connected Swipe.
1. Single Tap - tapping on one point on the display.
2. Multiple Tap - tapping on multiple points of the display.
3. Single Swipe - positioning the finger on one point on the display and drag-
ging to another, in any direction.
4. Connected Swipe - positioning the finger on one point and dragging through
multiple elements on the display.
In this context, these finger gestures represent the traditional authentication
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methods, where Connected Swipe applies to Pattern unlock, Single Swipe applies
to Swipe & unlock and Fingerprint unlock, Multiple Tap to PIN, and Single Tap
to Fingerprint.
4.3 Interactive prototypes
So far, the following learning tasks were introduced: Check Word, Multiple Choice
and Sentence Building, and accordingly the following finger gestures: Single Tap,
Multiple Tap, Single Swipe, Connected Swipe.
Each of the learning tasks was paired with each authentication method and
accordingly implemented into a prototype. There was only one exception, in
the case of the pair Single Tap and Sentence Building. For this pair, it was not
possible to design a prototype, since building a sentence would require multiple
actions, which can not be completed with such a short interaction as Single Tap.
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For the purpose of the study, eleven interactive prototypes were created using
the software JustInMind [25]. The prototypes had a high fidelity level, therefore
they didn’t differ much from usual lock screens in our everyday use.
5 User study
To test the usability of the concept of language learning via completing tasks
on the lock screen, a user study was conducted. For this purpose, interactive
prototypes were presented on a smartphone, where participants were testing the
usability of the concept presented. A verbal interview was conducted with each
participant during the process of them testing the prototypes, where their inter-
actions with the tasks were also filmed. The afterwards collected data is from a
qualitative nature, further discussed in the ”Discussion” part.
5.1 Procedure
Before starting with the study all participants were familiarized with the data
protection and signed a consent form. Afterwards, they were asked to fill out a
small questionnaire with the following information: age, gender, degree of edu-
cation, current occupation, if learning a new language presently, currently used
method of authentication and currently used operative system. Subsequently,
the participants proceeded with the experiment, where they were asked to test
the prototypes. Since this concept is designed to be used on smartphones, the
prototypes were presented to the participants on such a device.
The interviews were done one-on-one, each participant with an interviewer,
hence the number of participants equals the number of sessions made in total.
Every session (interview and experiment), the process was filmed, where the focus
of the camera was directed towards the finger gestures the participants made i.e
how they performed the required actions in order to unlock the device. Each
prototype was explained to each of the participants, followed by a demonstration
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of it. Then, the participant was free to interact with the current prototype,
more than once - if desired. In cases where mistakes such as inaccurate use of
the prototype were made, followed by unsuccessful unlocking of the device, the
interviewer explained the mistake and the solution, which followed with a re-try
of the prototype from the participant’s side. For the interview, only three official
questions were asked:
1. Was the prototype easy to use?
2. Was the interaction enjoyable/fun?
3. Would you use it on your smartphone?
Otherwise, the users were encouraged to think aloud and argue the reasoning of
the given answers [26]. They were also encouraged to think of possible improve-
ments and give further comments or opinions on the matter. The participants
were warned that the prototypes were to be tested on their usability and not
design. This is important to be noted, since this is not a finished application, but
merely a concept. Therefore, with implementing this concept any design-related
issues could be fixed.
5.1.1 Materials and Apparatus
For the purpose of recording the interviews, a camera and a tripod were used.
The prototypes were created and tested with the software JustInMind [25].
The device used to test the prototypes was a Sony Xperia Z. Although, these
prototypes are independent from the operative system, it should be noted that
the during the study, a 5.1.1 Android version was running on the testing device.
5.1.2 Participants
The number of participants that took place in the study was ten - eight male par-
ticipants and two female participants. The age of the participants was between
23-28 years, although 40% of them were aged 23 years. Most of the partici-
pants had completed a university bachelor program and obtained a Bachelors
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degree, but there were a few exceptions: three participants had a Masters degree
completed, and one of the participants had a PhD degree completed. Nine out
of ten stated ”Student” as their current occupation, and one software engineer.
As a currently used method of authentication, most of the participants marked
”Fingerprint”. Although, there were some cases where the participants marked
multiple authentication methods, stating that they use combinations, for e.g Fin-
gerprint and PIN. Six out of ten use an Android operative system, whereas the
other four are iOS users.
5.2 Sample
To transfer the idea of the prototypes, detailed explanation and samples are
offered below.
5.2.1 Example 1: Check Word - Single Tap
In this sample, the display consists of very few elements: a fingerprint sensor, a
small text field instructing the user on how to interact in order to unlock, text field
with a foreign word and an icon representing the meaning of the word. The task
of the user is to perform a regular unlocking interaction by taping the fingerprint
sensor. The product of this interaction is a short animation followed by reveal
of the translation of the foreign word. The transition lock screen to home screen
is slower than usual as a result of the learning task, where the user needs some
time to read the translation.
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(a) Tapping gesture for
authentication
(b) Output - translation of the
foreign word being presented
Figure 5.1: The illustration represents the flow of the user’s gestures, during the
task completion period. The yellow circles represent the user’s tapping gesture
on the fingerprint sensor.
5.2.2 Example 2: Multiple Choice - Connected Swipe
The content on the display represents a typical lock screen. In this case, the
authentication method is a pattern grid, upgraded with three additional elements.
At the bottom of the screen, a word in a foreign language is presented. Each of
the bubbles holds the following information inside: one word that represents a
possible translation of the presented word. The user is supposed to solve the
task with a connected swipe finger gesture. After entering their pattern, the user
is supposed to continue swiping to one of the additional bubbles that holds the
right translation. Since there are three options and only one correct, there is the
possibility for the user to choose a wrong translation. No matter to which option
they swipe to, the device will unlock if they entered their pattern right. However,
the user will receive validation in a visual way, so will the bubble that holds the
5.2 Sample 21
right answer light up green, and the bubbles that hold the incorrect will light
up red. The transition between the lock screen and the home screen will take
more time than usual, since the user needs some time to understand the given
feedback.
(a) An example of a pattern input,
and choosing a translation option
(b) Output - feedback
Figure 5.2: The illustration represents the flow of the user’s gestures, during the
task completion period. The yellow circles represent the user’s continuous swiping
gesture on the screen elements.
5.2.3 Example 3: Sentence Building - Single Swipe
In this example, a fair amount of the display is taken up from a dynamic grid. The
grid consists of three layers, and each layer consists of three boxes ”sprinkled”
across the panel. Each box ”holds” a different type of word: adjective, verb and
possessive pronouns in this case. The words also represent the material needed
to build a sentence. The task is completed in three sessions: in each session the
user chooses a word by swiping on its box. When three sessions are completed,
the device unlocks. In each session, the dynamic panel offers three new choices
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with words from one family (nouns, adjectives etc.). The validation in this case,
always depends on the word chosen in the first session. The word chosen in the
second session lights up green or red, depending on whether it makes sense to be
put together with the first word. The exact same case is with the third session,
the validation is given depending on the two previous words, chosen by the user.
Roughly said, in this case there is only one task performed - the learning task. The
authentication method here used, was Swipe and Unlock. This method doesn’t
offer much security in the first place, so the user is relieved from an unlocking
task.
(a) Step one (b) Step two (c) Step three
Figure 5.3: The illustration represents the flow of the user’s gestures, during the
task completion period. The yellow circles represent the user’s swiping gesture
on the screen elements.
5.2.4 Example 4: Multiple Choice - Multiple Tap
A PIN grid, three buttons, a text field with an incomplete sentence in a foreign
language are the elements of this display. The task of the user can be split in two
sub-tasks: first, to enter their personal identification number; second, to complete
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the learning task, where the blank space in the sentence is supposed to be filled
with one of the options offered on the buttons. The feedback here is similar to
Example 1. The button that holds the correct option lights up green, and the
buttons that hold the incorrect information - light up red.
(a) An example of PIN input and answer
input, for the below presented task
(b) Output - receiving feedback
Figure 5.4: The illustration represents the flow of the user’s gestures, during the
task completion period. The yellow circles represent the user’s tapping gesture
on the screen elements.
24 User study
6 Results and Discussion
The data gathered from the user study is from a qualitative nature, meaning the
interviews done with each participant were addressing questions per prototype.
Apart from the questions used to gain some information on usability, participants
gave their thoughts on improvements, time used to solve the tasks, possible lim-
itations and preferences. The goal of this study is to gain some insight on the
usability of the concept. In the following chapters, the results will be discussed
from two aspects: Learning task oriented and Authentication method oriented.
6.1 Check Word
All participants classified this task as easy to complete, which makes sense as the
user only has to read and try to remember the foreign word that they are given.
The speed of unlocking and usability however, depended on the authentication
method used in pair with this task. Further comments are addressing different
prototypes - depending on the authentication method this task was paired with.
6.1.1 Single tap
When paired with an authentication method as fingerprint unlock (see 5.1a),
most participants thought the interaction was fast for the purpose of unlocking,
but some of them pointed out that this may be too fast for learning purposes.
Overall, the opinions on the speed of completing the task and unlocking, were
split. Some of the participants liked how the task feels ”effortless”, and other
ones felt like they should engage more with it.
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Opinions on the graphical element were harmonized. All of the participants
liked the added icon, stating that the visual element help with better under-
standing of the foreign word, especially when learning a foreign language through
another foreign language. One of the participants stated:
”I like how the icon keeps the design minimalistic and represents the
exact meaning of the word presented. Using a picture instead, might
confuse the user, because pictures usually consist of few elements.”
Around 80% of the participants said that they would use this method to learn
a new language, supporting their statement by saying that the method is easy,
fun and fast to use. The other percentage of participants who stated that they
would not use a method like this, listed ”too easy” and ”not engaging enough”
as most common reasons.
6.1.2 Multiple Tap
In this case, the learning task Check Word is combined with a Multiple Tap ges-
ture. The participants found the task easy to complete, but not at all enjoyable.
Many participants liked the security aspect of this prototype, since they felt their
devices were secure when such an authentication method like PIN was used. How-
ever, they find the screen being too cluttered, since the PIN grid already occupies
the majority of the display.
Many participants stated that the authentication itself already demands at-
tention, therefore they found it problematic concentrating on the word at the
same time. This could result in users ignoring the information given, and ne-
glecting the learning task. In this case, implementing this method with the goal
to learning a foreign language, would show as useless.
6.1.3 Single Swipe
This method was found very intuitive and easy to use by the majority of the
participants. They also found it straightforward and fun. Many of them expressed
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the same concerns as before, when this method was used with other authentication
methods. The interaction happening too fast can be problematic, as they felt that
this method is not very helpful for learning i.e gaining new knowledge, however,
they saw potential in this task for repeating the knowledge once gained.
6.1.4 Connected Swipe
This task appeared to be easy to use once explained. The participants however,
did not find this method useful. A lot of statements addressed the ”cluttering
problem”, since the pattern grid occupies the most of the display, the participants
found ”navigating around” to be slow and complicated. The majority also pointed
out that there are certain limitations, for e.g the number of additional elements
for the purpose of learning is limited due to lack of space, besides, they have to
be carefully positioned since the user’s input is unknown which makes it hard
to design a continuous gesture. Because of these two reasons, they also found
security to be compromised.
Concerning the learning aspect, the participants seemed to be distracted by
the unlocking of the device i.e entering the pattern, which could influence the
learning negatively. In a situations where the user is performing the interaction
under ”ideal conditions” - meaning that they are located in a quiet environment
and in no rush, have enough time to read the given foreign word, it is less likely
that the learning will be impacted. However, under other conditions described
as the opposite from the ones above, the users might not pay attention to the
learning task and completely ignore it. Then, the implementation of this concept
loses its purpose.
6.2 Multiple Choice Answer
This task was found to be the adequately engaging compared to the other ones.
The users thought of it as an enjoyable learning game, therefore the big majority
- 90%, found it very fun to use it, learning effective and fast to unlock.
Further comments addressing the individual combinations with authentication
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methods are offered in the subsections.
6.2.1 Single Tap
This method was not found to be very beloved by the participants. All of them
found it to be fast and easy to use, but were missing some ”playfulness”. Al-
though they found it to be easy, most of them stated that there is nothing special
about it, and it’s not very fun to use. Therefore, most of the comments on this
prototype were on possible improvements. Some of the participants would change
the interaction, from tapping to swiping arguing that its more intuitive for them.
In a few cases it was mentioned that graphics would help the process out, to make
it seem like a game and make it more enjoyable.
One participant even stated that they would like to see this method to be
paired with tangibles. Overall, the majority of the participants stated that they
would use this method, but would like to see it improved using the above men-
tioned suggestions.
6.2.2 Multiple Tap
A big number of participants stated this combination as their preferred one. As
seen in 5.4a, in addition of authenticating the user was required to perform a
small task by choosing a correct word to fill the blank space in a given sentence.
The reasoning behind the participants’ statement is that this method keeps the
user engaged by performing a small test. This results in making them think
about the correct answer - where they felt that they are recalling already existent
knowledge. The process of learning was helped buy giving feedback to the user
by pointing out the correct answer and the wrong one(s).
Therefore, in case the user gives an incorrect answer, they will be able to see
their mistake and the right choice.
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6.2.3 Single swipe
This combination was quite easy to be understood by the participants. They
described it as ”easy and intuitive”.
One of the participants stated:
”I like the idea, but I would add as many options as possible for an
answer, and more visual feedback. I find it fun to use.”
Another one gave a similar comment:
”I would use it, but I would like to see some graphical elements, since
I’m a visual learner, I think this will help with my learning”
Around 90% of them said they would use it, although many of them would
want to see it improved - with more detailed feedback on what they did wrong
and enriched with visual elements, such as animations and icons. At the end,
all of them stated that they find it learning effective and didn’t find it hard to
concentrate on the task since the finger gesture felt ”effortless”.
6.2.4 Connected Swipe
This combination was mostly described as confusing. In the original idea, the
task is performed with a connected swipe as one continuous gesture. However,
the users were confused by the additional elements. Most of them stated that the
prototype wasn’t intuitive to use, and their first thought was that the prototype
was supposed to be used with different gestures. Therefore, they consider it to
be easy to use, once explained. As in previous cases where learning tasks were
paired with Pattern Unlock, the participants found the display to be cluttered
and therefore the unlocking to be slow. They also found some limitations with
the positioning of the additional elements. All of the participants liked the visual
feedback on correct/incorrect answer.
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Two participants stated that they would like to see less choice, which would
make the task easier and would require less attention from the user.
6.3 Sentence building
This learning task was found the most difficult to be implemented of them all.
Since it requires a fair amount of attention to be completed, it was challenging to
keep it learning effective but not annoying. Nevertheless, the users didn’t find it
annoying but rather slow to be used on the lock screen. Some of them appreciated
the effectiveness and liked the idea of assembling a sentence word by word, and
getting some feedback on whether their choice was correct. However, the major-
ity’s opinion was that this task doesn’t belong on the lock screen. Although it is
a good idea, they would gladly use it in a different case, for example in an app.
Further comments on the combinations made on different combinations with
authentication methods can be found below:
6.3.1 Multiple tap
Out of all eleven prototypes, this combination was found to be the slowest. All
of the users found it slow to complete the task, which in most cases resulted with
them disliking it. For the purpose of this learning task, the designed prototypes
consisted a dynamic panel - where each panel consisted words of a certain type
(nouns, verbs, adjectives etc.). With the help of these words, the participants
were supposed to create a sentence in multiple steps. Many of the users found it
hard to follow the flow of the task, since there was so much choice.
Most common comments on this prototype were:
”It takes too long because there are so many options.”
”I find it easy to solve, but I would not use it on the lock screen.”
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”I find the display to be very cluttered, which confuses me addition-
ally.”
Many of the participants complained on the appearance of the elements, ar-
guing that although it is a compromise between the number of elements and the
size of the display, it brings the readability to a low level. One participant stated:
”It’s not fun at all, so many steps just to unlock make this task feel
like a chore”.
On the other side, one participant stated that they like it as a learning task,
they think its fun to match words and slowly build a sentence, but they would
much rather see it show on demand, therefore they suggested a skip button.
However, besides all suggested improvements, almost half of the users stated
that they would not use it, for the reason of it not being fun.
6.3.2 Single swipe
In this case, most of the participants had trouble understanding on what they
have to do. A common comment was:
”Alone, I wouldn’t have an idea what to do. But once it was demon-
strated, I find it easy.”
After demonstration, all of the participants found it to be easy to use, some-
how slow - but they were optimistic that with less choice being given, meaning
less words, the speed of unlocking and solving the task would be altered. One
of the participants found it suitable only for beginners, stating it as a reason of
why they wouldn’t use it. Whereas others found it learning effective for all levels.
All of the participants liked being given some feedback after the completion of
the task, but would like to receive a more detailed one so they could think about
what they did wrong. Again, a skip button was suggested by many.
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”I wouldn’t like to be forced to solve a task that takes so much time,
when I’m in a rush and need to use my phone immediately” - a par-
ticipant stated.
To sum it up, the participants found potential in this case to work well,
improving it with some minor alterations.
6.3.3 Connected Swipe
Thoughts on this prototype were split. Half of the participants described it as
interesting, fun, easy to understand. The other half of them disliked it, by saying
that it is too difficult to use and they find it hard to navigate around the cluttered
display. Most of them complained on the readability of the words - although this
is dependent on the The first half leaned towards understanding the complexity,
but enjoying it at the same time. This time, they liked that there were only
two combinations possible, and the correct one was more obvious. Opinions were
harmonized on the speed of unlocking, most of them were sceptical. They didn’t
find it so slow that they wouldn’t use it, but were rather bothered by other
reasons, like the positioning of the additional elements where the words were
placed. The group that disliked it, suggested a possible improvement: a larger
text field with the displayed sentence, stating that they would like to have a good
overview on the choices they made. However, they were not sure on how would
this impact the speed of unlocking.
6.4 Limitations
Although some of the limitations were already pointed out by the participants in
the user study and discussed in the Results and Discussion part, in this chapter
we offer a larger insight into the limitations of this concept. The limitations
mostly refer to speed of unlocking, design (positioning of the elements), gestures
and complexity of the tasks. The above mentioned reasons are correlated and
impact one another.
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Starting with the speed of unlocking, the time spent authenticating can be
frustrating by itself, let alone completing additional tasks.This has to be taken
into account when designing for the lock screen, because the tasks have to be
adapted to the existing conditions. When the task is not adapted, we risk neglect,
dissatisfaction and failure. It is a fact that adding additional elements to the
interface will increase the time spent on the lock screen. Depending on the task,
the unlocking can be prolonged for a significant or insignificant amount of time.
The more demanding the task is, it is going to take more time to be solved and
the device to be unlocked. In any case, this shouldn’t take too long, and we must
be aware that the learning is a concurrent activity to the unlocking - that still
has to be done. It can not be compared to more traditional methods like using
an application for language learning, where the user is learning intentionally, and
is prepared to set aside some of their time, and dedicate it on the learning. That
can not be expected in our situation, where the learning is rather ”imposed”
and treated as a secondary activity. Some of the participants understood the
compromise that has to be made in order to learn, but still, their tolerance is
correlated with pre-existent motivation.
In conditions where the device is used in a more relaxed environment for e.g
at home, this would not represent an issue. On the contrary, when the user is in
a rush to unlock their phone, this can cause frustration which can result in total
neglect of the learning tasks in the future.
Design and clever positioning of the additional elements on the display plays
a big role. One of the biggest challenges of this concept is implementing it with a
Pattern Unlock or PIN Unlock. These authentication methods are difficult to be
paired with a learning technique, since their interfaces occupy a big part of the
display. For example, when using a Pattern Unlock as an authentication method
of choice, the user is required to enter a pattern via continued swipe gesture.
The start point of this gesture is irrelevant, but the end point isn’t. If there
are additional elements to be put, their placement is immediately dependant on
the end point of the original gesture. If we want to achieve a smooth continuing
gesture, these additional elements have to be put close to the end point. Which
does not only compromise the security, but makes it impossible to think of an
universal design, that will work for every user’s own pattern. On the other hand,
putting additional elements like buttons or text fields, as seen from the previous
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chapter, make the display cluttered. The participants found it difficult to get
acquainted with all the information shown on the display. A possible solution to
this could be presenting less information, which would lower the task complexity
and possibly make it less learning effective. Same applies to the PIN Unlock,
where the number grid occupies a big part of the screen. Pairing tasks with this
method can burdensome for the user, because the already invest concentration
just for the PIN input. Giving them a hard task, would take them more time to
solve it, which again, leads to frustration.
Anyhow, when adding small graphic additions like icons or small pictures that
may be beneficial for the learning process, must be limited, since they can create
a contrary effect and become too overwhelming for the user.
On the more technical side, designing tasks for Fingerprint Unlock that will
work impeccably on every device is somehow difficult. Initially, it depends on
the user’s device. Not all devices nowadays have the fingerprint sensor on the
same place. In some devices, the fingerprint sensor is placed on the front side,
and in others on the back side. This way we are limited with the gesture choice.
Depending on the placement of the sensor, users use a different finger to authenti-
cate. Therefore, this should be taken into account when designing a task, because
not all gestures can be performed smoothly with any finger. Which might make
it uncomfortable to use.
7 Conclusion and suggestions
This chapter summarizes the results that were contributed by the user study and
offers suggestion on possible improvements. Since the conclusions refer to different
aspects, the material is sectioned in three chapters: Usability and Enjoyment,
Different user approaches and Improvements.
7.1 Usability and enjoyment
The goal of the study was to determine the usability of this concept. Aside
from certain limitations, the tasks Check Word and Multiple Choice showed to
be applicable to every authentication method. They rarely caused confusion and
most importantly - didn’t cause a frustrating effect, but they were found rather
enjoyable. The Multiple Choice tasks were found to be the right amount of
engaging, where the participants felt like they were playing a small game. These
combinations were found to be the most interesting and enjoyable, but yet -
learning effective.
The study showed that any task with too many steps, no visual elements
and too many options can cause a negative effect. However, a small percent of
the participants liked the task being challenging because they felt like they were
learning more.
Visual effects showed to be very beloved and beneficial for the learning.
Adding a small icon or another graphical element showed to be helpful for better
comprehension of the foreign word.
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Earlier, the tasks Check Word and Multiple Choice were described as fast
and easy. However, the same can certainly not be claimed for the task Sentence
Building. The implementation of this task with the authentication methods was
rather found unhelpful. Overall, the task required processing of much informa-
tion, a lot of concentration and time. This resulted with general dislike between
the participants. At the end, this task was argued as an interesting challenge,
but nevertheless, it doesn’t belong on the lock screen.
7.2 Different user approaches
During the study, differences in the overall approach were found between the par-
ticipants who were recently or currently trying to learn a new language, and the
ones who didn’t. These two groups were mostly distinguished by the motivation
to solve the tasks. The participants who were trying to learn a new language,
were already motivated and didn’t mind investing more effort and time into the
tasks. They didn’t mind the extra time that took to complete a task, but they
were rather worried on the learning effectiveness. They were more task oriented,
where the participants who weren’t learning a new language at the moment or
recently, didn’t invest much interest in the task itself, but were rather motivated
to unlock the device faster.
The participants that were trying to learn a new language, also gave sugges-
tions on possible improvements, such that would impact the speed of unlocking.
An example of such a suggestion would be increasing the transition between the
lock screen and home screen. This would result in slower unlocking, but would
make the given information stick longer on the display - so they can remember it.
Such suggestions weren’t noted by the participants who weren’t trying to learn a
new language. They rather gave suggestions on the design and positioning of the
elements - again, to make it more convenient to use and faster to unlock.
This shows that the learning effectiveness also depends on the motivation of
the user. Which gives this concept even bigger potential, when the users are
prepared to set aside a few more seconds in order to learn.
Overall, the implementation of learning activities on the lock screen showed
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a great potential for future use. However, because of the certain limitations, we
conclude that not all types of learning tasks are suitable to be implemented in
the lock screen. A small tasks that feels like a game, but still educate, served
its purpose. Whereas, tasks that took more time to complete, regardless of their
learning effectiveness, showed to cause a contrary effect that resulted with dis-
satisfaction.
In correlation to this, not all authentication methods showed to be ideal for
the above mentioned learning activities.
Adding graphical elements to the interface, also showed to be helpful for better
understanding and creating a more relaxed learning environment.
On the topic of feedback, regardless of the user’s input on the learning tasks,
unlocking the device when the authentication process was completed successfully
showed to be of a great value, since giving the user informative feedback instead
of punishing them for incorrect input, helped avoid negative feelings and kept the
game-like property of the concept.
7.3 Improvements
When implementing a demanding task, a possible alleviation for the user could be
a skip button. This way, when they are in a rush, the task can be simply skipped
and completed when there is another opportunity. Although this would cause the
learning process to go slower, it will also avoid frustration and annoyance.
Another possible improvement would be showing translation on demand.
Adding an additional functionality like this one, can ”gamify” this concept and
help the users test their knowledge. Showing a foreign word without translation,
would result with an attempt of recall of previous knowledge and if existent, to
strengthen it.
Mixing gestures can be a possible improvement, since it showed that in some
situations it is more intuitive to the users to use a different gesture for the un-
locking, and independently of that - another one for task completion.
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However, when thinking outside the box, feedback and similar signalisation
sent to the users can be done through tangibles. This opens a number of doors
for experiments with learning task and interface design.
References
[1] M. Winnick. (2016). Putting a finger on our phone obsession, [Online].
Available: https : / / blog . dscout . com / mobile - touches (visited on
10/25/2019).
[2] N. Andriotis. (2018). What is microlearning: A complete guide for begin-
ners, [Online]. Available: https://elearningindustry.com/what-is-
microlearning-benefits-best-practices (visited on 10/30/2019).
[3] T. Hug, “Micro learning and narration, Exploring possibilities of utilization
of narrations and storytelling for the designing of ”micro units”and didac-
tical micro-learning arrangements”, in Fourth Media in Transition confer-
ence, 2005.
[4] T. Dingler, D. Weber, M. Pielot, J. Cooper, C.-C. Chang, and N. Henze,
“Language learning on-the-go: Opportune moments and design of mobile
microlearning sessions”, in Proceedings of the 19th International Conference
on Human-Computer Interaction with Mobile Devices and Services, 2017.
[5] Statista. (2019). Number of smartphone users worldwide from 2016 to
2021 (in billions), [Online]. Available: https : / / www . statista . com /
statistics/330695/number-of-smartphone-users-worldwide/ (vis-
ited on 11/21/2019).
[6] J. Kooistra. (2019). Newzoo’s 2018 global mobile market report: Insights
into the world’s 3 billion smartphone users, [Online]. Available: https:
//newzoo.com/insights/articles/newzoos-2018-global-mobile-
market-report-insights-into-the-worlds-3-billion-smartphone-
users/ (visited on 11/21/2019).
39
40 REFERENCES
[7] N. Andriotis. (2015). Everything you wanted to know about microlearn-
ing(but were afraid to ask, [Online]. Available: https : / / www .
efrontlearning.com/blog/2015/09/everything- you- wanted- to-
know-about-micro-learning-but-were-afraid-to-ask.html (visited
on 10/30/2019).
[8] T. Hug, Didactics of microlearning. Waxmann Verlag, 2007.
[9] N. Schmitt, “Review article: Instructed second language vocabulary learn-
ing”, Language Teaching Research, pp. 329–363, 2008.
[10] J. R. Jenkins, M. L. Stein, and K. Wysocki, “Learning vocabulary through
reading”, American Educational Research Journal, pp. 767–787, 1984.
[11] M. A. Kayseroglu and Y. Samur, “Vocabulary learning through a gamified
question and answer applications”, Journal of Learning and Teaching in
Digital Age, 2018.
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Figure A.1: Check Word task prototypes
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Figure A.2: Multiple Choice task prototypes
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Figure A.3: Sentence Building task prototypes
